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Formulation of initiation criterion for water supply pipe leakage-induced
sand fluidization under varying-inundation levels
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Abstract: Leakage from water supply‘\pipelines can induce fluidization of overlying sand, leading to subsurface voids and
ground subsidence. Most research, focuses“en continuously graded saturated sand, neglecting unsaturated and intermittently
graded conditions. This study considetrssfagtors such as sand particle size, grading, pipeline submergence level, overburden
depth, and leakage orifice size. Antanalytical formula is derived for the initiation flow rate of sand fluidization under varying
submergence levels, basédeh the.balance of sand's weight and seepage forces. Model tests validate this formula. Results show
that reducing submergencedevels, increasing sand particle size, and overburden depth decrease the initiation flow rate, while
orifice size has minimalimpact. The Ergun equation is empirically modified to better describe fluid pressure drop in sand under
local pipeline leakdge/eonditions.
Key words: water supply pipeline; sand fluidization; initiation flow rate; submerged water level; intermittent grading
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Fig.1 Schematic diagram of sand and soil fluidization area on the

upper part of the water supply pipeline
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Tab.1 Physical and mechanical parameters of experimental sand
b o RN S INS I E LBRE  NEEM BB R AL FR S HERY
#_ G P (KgIM?) P (KGITE) P (kgm®) £ ® K(m/s) % Cy Ce
Al 2.670 1265 1669 1480 0.446 48.34 0.00393 1.44 1.020
A2 2.683 1261 1637 1463 0.455 40.20 0.00099 1.46 0.960
A3 2.688 1217 1530 1387 0.484 37.80 0.00051 1.46 0.960
A4 2.674* 1284 1723 1545 0.422 47.71 0.00084 6.26 2.489
A5  2.677* 1284 1788 1516 0.434 43.42 0.00046 1.71 0.964
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Tab.2 Summary Table of Pipeline Leakage Sand Fluidization Test Conditions

L I+ WHEBOKEL BERE BIROYUEEE  ENKE
C1* 1~2 mm(A2) 0cm 15¢cm 5mm 3~25 kPa
c2* 1~2 mm(A2) 7cm 15¢cm 5m 3~25 kPa
C3* 1~2 mm(A2) 17 cm 15 cm 5mi 3~25 kPa
C4* 0.5~1 mm(A3) 17 cm 15¢cm %\O 3~25 kPa
C5* 2~5mm(Al) 17 cm 15¢cm 5 3~25 kPa
C6*  0.5~1 mm(60%)+2~5 mm(40%)(A5) 17 cm 15cm m 3~25 kPa
C7%  0.5~1 mm(20%)+2~5 mm(80%)(A4) 17 cm 15¢cm m 3~25 kPa
Cc8* 0.5~1 mm(A3) 17 cm 9 mm 3~25 kPa
Co* 0.5~1 mm(A3) 17 cm 12.c 2mm 3~25 kPa
C10* 0.5~1 mm(A3) 17 cm 15¢ 2 mm 3~25 kPa
Cl11* 0.5~1 mm(A3) 17cm ¢ cm 3mm 3~25 kPa
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Fig.4 The phenomenon of sand fluidization under different
pipeline leakage flow rates
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Fig.5 Comparison of calculated average particle size values
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Tab.3 Parameter values related to pressure gradient calculation and start-up fluidization flow rate calculation

Hitkzh B L P4t W wt

BT 4o . .
Im RIS . JERE - jmé e %uﬁi o Kfin I TR i
% 1L (Pass) dP (Pa) U o (m/s) P () P, (kg/m?) L,am H,m H,m) o0
c1 0.8  0.00101 1990 1.46667 0.001500 2683 0.455  0.005  0.045 0.15 64.5
c2 08  0.00101 1100 1.01667 0.001500 2683 0.455  0.005  0.07 0.15 63.9
c3 0.8  0.00101 990 0.73333 0.001500 2683 0.455  0.005  0.15 0.15 62.8
c4 0.8  0.00101 1440  0.31667 0.000750 2688 0.484 0005 0.5 0.15 62
c5 08  0.00101 1020 1.87500 0.003710 2670 0.446  0.005  0.15 0.15 65
0.001140
Cé 0.8  0.00101 910 0.35833 (FRRLEE) 2677 0.434  0.005 4, ,0.15 0.15 63.6
0.001930
(CFEIRLAE)
0.001636
c7 0.8  0.00101 1260  0.70833 (AR 2674 0.422{ » 0005 0.5 0.15 64.8
0.003120
(CFHIRLAR)
c8 0.8  0.00101 410 0.58333 0.000750 2688 0.484/" 0.002 0.09 0.09 61.5
C9 0.8  0.00101 400 0.65694 0.000750 2688 0484  0.002 0.12 0.12 62
Cil0 08  0.00101 380 0.79167 0.000750 2688 0.484  0.002 0.15 0.15 62.5
Cil 08  0.00101 480 0.52130 0.000750 2688 0.484  0.003 0.15 0.15 61.8
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Fig.8 Starting fluidization flow rate at different submerged water

levels
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Fig.10 Starting fluidization flow rate at different soil cover depths
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Fig.11 Starting fluidization flow rate with different leakage sizes
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